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[.  INTRODUCTION

Universal Energy Systems, Inc. (UES) was awarded the United States
Air Force Summer Faculty Research Program on August 15, 1984, The
contract is funded under the Air Force Systems Command by the Air Force
office of Scientific Research.

The program has been in existance since 1978 and has been conducted
by several different contractors. The success of the program is evident
from its history of expansion since 1978.

The Summer Faculty Research Program (SFRP) provides opportunities
for research in the physical sciences, engineering, 1life sciences,
business, and administrative sciences. The program has been effective in
providing basic research opportunities to the faculty of universities,
colleges, and technical institutions throughout the United States.

The program is available to faculty members in all academic grades:
instructor, assistant professor, professor, department chairman, and
research facility directors. It has proven especially beneficial to
young faculty members who are starting their academic research programs
and to senior faculty members who have spent time in university
administration and are desirous of returning to scholarly research
programs.

Beginning with the 1982 program, research opportunities were
provided for 17 graduate students. The- 1982 pilot student program was
highly successful and was expanded in 1983 to 53 students; there were 84
graduate students in the 1984 program.

In the previous programs, the graduate students were selected along
with their professors to work on the program. Starting with the 1985
program, the graduate students were selected on their own merits. They
were assigned to be supervised by either a professor on the program or by
an engineer at the Air Force Laboratories participating in the program.
There were 92 graduate students selected for the 1985 program.

Again in the 1986 program, the graduate students were selected on
their own merits, and assigned to be supervised by either a professor on
the program or by an engineer at the participating Air Force Laboratory.
There were 100 graduate students selected for the 1986 prograu

Follow-on research opportunities have been developed for a large
percentage of the participants in the Summer Faculty Research Program in
1979-1983 period through an AFOSR Minigrant Program.

On 1 September 1983, AFQOSR replaced the Minigrant Program with a
new Research Initiation Program. The Research Initiation Program
provides follow-on research awards to home f{institutions of SFRP
participants. Awards were made to approximately 50 researchers in 1983.
The awards were for a maximum of $12,000 and a duration of one year or
less. Substantial cost sharing by the schools contributes significantly
to the value of the Research Initiation Program. In 1984 there were
approximately 80 Research Initiatfon awards.

1
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PREFACE

The United States Air Force Graduate Student Summer Support Program
(USAF-GSSSP) 1s conducted under the United States Air Force Summer
Faculty Research Program. The program provides funds for selected
graduate students to work at an appropriate Air Force Facility with a
supervising professor who holds a concurrent Summer Faculty Research
Program appointment or with a supervising Air Force Engineer. This is
accomplished by the students being selected on a nationally advertised
competitive basis for a ten-week assignment during the summer
intersession period to perform research at Air Force
laboratories/centers. Each assignment is in a subject area and at an Air
Force facility mutually agreed upon by the students and the Air Force.
In addition to compensation, travel and cost of 1living allowances are
also paid. The USAF-GSSSP 1s sponsored by the Afr Force Office of
Sctentific Research, Air Force Systems Command, United States Air Force,
and is conducted by Universal Energy Systems, Inc.

The specific objectives of the 1986 USAF-GSSSP are:

(1) To provide a productive means for the graduate students to
participate in research at the Air Force Weapons Laboratory;

(2) To stimulate continuing professional assocfation among the
Scholars and their professional peers in the Air Force;

(3) To further the research objectives of the United States Air
Force;

(4) To enhance the research productivity and capabilities of the
graduate students especially as these relate to Air Force
technical interests.

During the summer of 1986, 100 graduate students participated.
These researchers were assigned to 25 USAF laboratories/centers across
the country. This two volume document 1is a compijlation of the final
reports written by the assigned students members about their summer
research efforts.




LIST OF 1986 GRADUATE STUDENT PARTICIPANTS

NAME /ADDRESS

Susan M. Abrams
University of I1linois
Dept. of Bioengineering
Chicago, IL 60680
(312) 996-8661

William H. Acton
University of New Mexico
Dept. of Psychology
Albuquerque, NM 87131
(505) 2717-4121

Julie A. Albertson

Washington State University
Dept. of Mechanical Engineering
Pullman, WA 99164-2920

{509) 335-8654

Jay H. Ambrose

University of Kentucky

Dept. of Mechanical Engineering
Lexington, XY 40506

(606) 257-2663

Mark R. Anderson

Purdue University

School of Aeronautics and
Astronautics

Grissom Hall

W. Lafayette, IN 47907
(317) 494-5154

Stanley F. Anton

Rutgers-The State University
of New Jersey

Psychology Department
Psychology Bldg.

Busch Campus

New Brunswick, NJ
(201) 932-4036

08903

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: B8.S., Human Factors
Engineering, 1984

Specialty: Zoology

Assigned: HRL/OT

Degree: M.A., Applied Behavioral
Science, 1984

Specialty: Psychology

Assigned: AAMRL

Degree: B.S., Mechanical
Engineering, 1985

Specialty: Mechanical Engineering

Assigned: FJISRL

Degree: M.S., Mechanical
Engineering, 1985

Specialty: Mechanical Engineering

Assigned: APL

Degree: M.S., Engineering,
Aeronautics and Astro-
nautics, 1984

Specialty: Engr. Aeronautics and

Astronautics
Assigned: FDL

Degree: M.S., Cognitive

Psychology, 1986
Specialty: Cognitive Psychology
Assigned: AAMRL

i




Christopher P. Antworth
Florida State University
Department of Chemistry
Box 13

Tallahassee, FL 32306
(904) 644-12174

Sherif A. Aziz

Wright State University
Systems Engineering
School of Engineering
130 Eng. and Math Bldg.
Dayton, OH 45435

(513) 873-2403

Alan H. Baginski
University of Lowell
Electrical Engineering
Lowell, MA 01854
(617) 452-5000

Joseph M. Boroughs
University of New Mexico
Psychology Department
Albuquerque, NM 87131
(505) 277-4121

Dale T. Bracken
University of Georgia
Dept. of Psychology
302 Morris Hall
Athens, GA 30602
(404) 542-8362

Angela M. Braun
Trinity University
Biology Department

715 Stadium Drive

San Antonio, TX 78212
(512) 736-77M

David A. Bridenstine

Arizona State University

Mechanical & Aerospace
Engineering

Tempe, AZ 85287

(602) 965-3291

-

Degree:
Specialty:
Assigned:

Deqree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

i

B.S., Chemistry, 1980
Chemistry
ESC

B.S., Systems and
Biomedical Eng., 1984
Biomedical Engineering
AAMRL

B.S., Electrical
Engineering, 1983
Electrical Engineering
RADC

M.A., Psychology, 1981
Psychology
AAMRL

B.S., Psychology, 1985
Psychology
HRL/1D

B.A., Biology, 1986
Biology
SAM

M.S., Engineering, 1985
Engineering
ML




Paul E. Bussey

University of Colorado at
Colorado Springs

Austin Bluffs Parkway

Colorado Springs, CO 80933-7150

(303) 593-3351

Timothy T. Clark
University of New Mexico
Mechanical Engineering
Albuquerque, NM 87131
(505) 277-2781

Otis Cosby, Jr.

Meharry Medical College
School of Medicine

1005 D. B. Todd Jr. Blvd.
Nashville, TN 37208
(615) 327-6223

Jennifer L. Davidson
Department of Mathematics
University of Florida

201 walker Hall
Gafnesviile, FL 32611
(904) 392-0268

Douglas W. DeHart

University of Wisconsin-Madison
Dept. of Engineering Mechanics
1415 Johnson Drive

Madison, WI 53706

(608) 262-2990

Brian J. Doherty

Duke University

Biomedical Engineering Dept.
Durham, NC 27706

(919) 684-6185

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

iv

B.S., Electrical
Engineering, 1986
Electrical Engineering
FJISRL

BSME, Fluid Dynamics, 1983
Mechanical Engineering
WL

BS, Natural Science, 1983
Natural Science
SAM

M.S, Mathematics, 1986
Mathematics
AD

B.S., Engineering
Mechanics, 1985
Engineering Mechanics
RPL

B.S.E., Btoenginnering, 1984

Bioengineering
AAMRL




Franklin J. Dunmore Degree: B.S., Physics, 1982
Howard University Specialty: Physics

? Dept. of Physics and Astronomy Assigned: ML

2355 Sixth Street, N.W.

wWashington, D.C. 20059

(202) 636-6241

Michael P. Farr Degree: M.S., Polymer Science, 1984
Pennsylvania State University Specialty: Polymer Science
312 Steidle Building Assigned: ML
University Park, PA 16802
t (814) 863-0154
Christopher A. Feild Degree: B.S., Chemistry, 1986
Dickinson College Specialty: Chemistry
Box 914 Assigned: ML

Carlisle, PA 17013
{717) 245-1533

Michelle J. Ferry Deqree: B.S., Chemistry, 1984
Wright State University Specialty: Chemistry
Dayton, OH 45435 Assigned: AAMRL

(513) B873-2855

carl V. Frank Degree: B.S., Computer Science,
Univ. of Southern Mississippi 1985

Computer Science Dept. Specialty: Computer Science
Southern Station, Box 9157 Assigned:  SAM

Hattiesburg, MS 39406-9157
(601) 266-3216

Beverley A. Gable Degree: B.S., Psychology, 1984
Ohio University Specialty: Psychology
Psychology Dept. Assigned: AAMRL

1222 carriage Hill
Athens, OH 45701
(614) 594-7167

Michael D. Garner Degree: B.S., Physics, 1984
University of North Carolina at Specialty: Physics
Greensboro Assigned: RADC

Physics Dept.
Greenshoro, NC 27412
(919) 379-5844




Maurice B. Gilbert
Meharry Medical College
Medicine Department

1005 Dr. D.B. Todd Blvd.
Nashville, TN 37208
(615) 327-61M1

Beverly E. Girten
Ohio State University
Exercise Physiology and

Physiological Chemistry Dept.

College of Medicine
333 W. 10th Avenue
Columbus, OH 432710
(614) 422-1462

Ellen S. Goldey
Miami University
Zoology Dept.

210 N. Main #4
Oxford, OH 45056
(513) 529-3451

Alfred W. Gordon
Atlanta University

Dept. of Biology

360 Westview Drive, S.W.
Atlanta, GA 30314

(404) 681-0251

Nadia C. Greenidge
New York University
Dept. of Anthropology
25 Waverly Place

New York City, NY
(212) 598-3258

Peggy J. Grigsby

Wright State University
Physics Department
Dayton, OH

(513) 873-2950

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degqree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

vi

B.S., Biology, 1982
Biology
SAM

M.S., Exercise
Physiology, 1983
Physiology,
AAMRL

B.S., Biology, 1984
Biology
AAMRL

B.A., Biology, 1976
Biology
SAM

M.S., Physical Anthropology
Physical Anthropology
AAMRL

M.S., Mathematics, 1978
Mathematics
ML




Brad L. Halverson

Washington State University

Dept. of Civil and Environmental
Engineering

Sloan Hall 102

Structures Section

Pullman, WA 99164-2914

(509) 335-4921

Charles R. Hammond
Vanderbilt University
Dept. of Mechanical and
Materials Engineering
P 0 Box 1592, Station B
Nashville, TN 37235
(615) 322-0892

Darren E. Hart

Texas A&M University

Dept. of Psychology
College Station, TX 77843
(409) B845-2581

Peter V. Hlinomaz

University of Michigan-Dearborn
4901 Evergreen Road

Dearborn, MI 48128

(313) 593-5420

Stephen Hom

Massachusetts Institute of
Technology

Mechanical Engineering Dept.
77 Massachusetts Avenue
Cambridge, MA 02139

(617) 253-5028

Jamal A. Hussein

University of Toledo
Mechanical Engineering Dept.
28017 W. Bancroft

Toledo, OH 43606

(419) 537-2620

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Spectalty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

vii

B.S., Civil Engineering,
1985

Civil Engineering

WL

M.S., Mechanical
Engineering, 1983
Mechanical Engineering
AEDC

B.A., Psychology, 1984
Psychology
HRL/MO

B.S., Electrical
Engineering, 1985
Electrical Engineering
RADC

M.S., Structural
Engineering, 1977
Structural Engineering
ML

M.S., Mechanical
Engineering, 1986
Mechanical Engineering
APL




David W. Jansen

Dept. of Zoology

Washington State University
Pullman, WA 99164-4220
{509) 336-3564

Karl K. Klett, Jr.
University of Wyoming
P 0 Box 3905
Unfversity Station
Laramie, WY 820N
(307) 766-6150

Raymond M. Kolonay

Ohio State University
Dept. of Civil Engineering
2070 Nijel Avenue

Hitchcock Hall, Room 470
Columbus, OH 43210

(614) 422-21N

Craig A. Langenfeld

Ohio State University
Mechanical Engineering Dept.
305 Stonemill Road

Dayton, OH 45409

(513) 299-3218

Tieu-Binh Le

Wright State University
Chemistry Dept.

Dayton, OH 45435

(513) 873-2855

Mark W. Lisee
University of Lowell

Dept. of Electrical Engineering

Box 2615

North Campus

1 University Avenue
Lowell, MA 01854
(617) 452-5000

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

viti

M.S., Zoology, 1980
Zoology
AAMRL

B.S., 1979
Astrophysics
AFGL

B.S., Civil Engineering,
1985

Civil Engineering

FDL

B.S., Mechanical
Engineering, 1986
Mechanical Engineering
APL

B.S., Chemistry, 1985
Chemistry
ML

B.S.E.E., expected 1988
Electrical Engineering
AFGL




Robert K. Littleton
Unijversity of Colorado
Physics Department

Austin Bluffs Parkway
Colorado Springs, CO 80903
(303) 593-3000

George A. Liu

Meharry Medical College
Dept. of Physfiology
1005 18th Avenue, North
Nashville, TN

(615) 327-6413

I1sabel Lopez

Wwright State University
Dept. of Chemistry
Dayton, OH 45435

(513) 873-2855

Michael M. Lukes

Florida State University
Meteorology Dept.
Tallahassee, FL 32306
(904) 644-6205

wayne R. tLundberg

Wright State University

Dept. of Physics and Mechanfical
Engineering

3640 Co)l. Glenn Hiway

Dayton, OH 45435

(513) 873-2954

William A. Marty

University of Oklahoma

Electrical Engineering and
Computer Science

202 West Boyd, Room 219

Norman, 0K 73069

(405) 325-472)

Mary R. McGill

Eastern Kentucky University
Dept. of Chemistry

1661 Foxhaven #3

Richmond, KY 40475

(606) 624-9772

Degree: B.S., Chemistry, 1975

Specialty: Chemistry
Assigned: FJISRL

Degree: B.A., Chemistry, 1986
Specialty: Chemistry
Assigned: SAM

Degqree: M.S., Chemistry, 1985

Specialty: Chemistry
Assigned: AAMRL

Degree: B.S., Meteorology, 1973

Specialty: Meteorology
Assigned: ESC

Degree: B.S., Physics, 1985

Specialty: Physics
Assigned: ML

Degree: B.S., Electrical
Engineering, 1985
specialty: Electrical Engineering

Assigned: AL

Degree: B.S., Chemistry, 1985
Specialty: Chemistry
Assigned: ESC

ix




Jennifer McGovern-Weidner
University of Florida
Dept. of Psychology

114 Psychology Bldg.
Gafnesville, FL 32611
(904) 392-0605

Dara C. Merenskf
University of Dayton
Computer Science Dept.
300 College Park Drive
Dayton, OH 45469
(513) 229-2343

Peter D. Meyer
University of Montana
Physics Department
Missoula, MT 59801
(406) 243-6535

Douglas R. Moore

Univ. of Southern Mississippt
Dept. of Polymer Science
Southern Station Box 10076
Hattiesburg, MS 39406-0076
(601) 266-4868

Eric V. Morris
Meharry Medical School
1005 18th Street, N.
Nashville, TN 37208
(615) 327-6000

Russell Moy

Dept. of Chemical Engineering
The University of Michigan
2135 Dow Building

Ann Arbor, MI 48109-2136
(313) 764-3379

Glenn D. Munkvold

University of Texas at Austin
Dept. of Chemical Engineering
Austin, TX 78M2

(512) 471-1046

Deqree:
Specialty:
Assigned:

Degree:
Specialty:
Assiqgned:

Degree:
Specialty:
Assigned:

Degree:
Spectalty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

M.A., Gifted Education, 1983
Psychology
SAM

B.S., Systems Analysis, 1986
Systems Analyst
HRL/LR

B.A., Chemistry, 1984
Chemistry
AD

B.S., Chemistry, 1977
Chemistry
ML

8.S., Biological Sciences,
1984

Pharmacology

SAM

MSE, Chemical Engineering,
1982

Chemical Engineering
FJISRL

8.5., Chemical Engineering,
1984

Chemical Engineering

SAM




Conrad R. Murray
Meharry Medical College
1005 D.B. Todd Blvd.
Nashville, TN 37208
(615) 327-6111

Victoria T. Nasman
Northwestern University
Psychology Department
CRESAP Laboratory

633 Clark Street
Evanson, 1L 60201
(312) 492-7643

Sharon E. Navard

Univ. of Southwestern Louisiana

Dept. of Statistics
USL Box 44187
Lafayette, LA 70504
(318) 231-6772

Bernadette P. Njoku
Meharry Medical College
School of Medicine

1005 D.B. Todd Bivd.
Nashville, TN 37208
(615) 327-4098

David P. Norton

louistana State University
Dept. of Electrical and
Computer Engineering
Baton Rouge, LA 70803
(504) 388-5488

Roland L. Palmer

The University of Alabama-
Tuscaloosa

Psychology Department

Box 2968

University, AL 35486
(205) 348-5083

Daniel S. Park

Univ. of Southern California
Aerospace Engineering
University Park

Los Angeles, CA 90089-0126
(213) 743-111

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Deqree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specfalty:
Assigned:

Degree:

Specfalty:
Assigned:

x i

B8.S., Pre-Medicine, 1983
Medicine
SAM

B.A., Psychology, 1983
Psychology
SAM

M.S., Statistics, 1984
Statistics
AD

B.A., Chemistry, 1982
Chemistry
SAM

M.S., Electrical
Engineering, 1986
Electrical Engineering
RADC

M.A., Psychology, 1985
Psychology
HRL/MO

MSAE, Aerospace
Engineering, 1985
Aerospace Engineering
FDL




April G. Parker
The Ohio State University

Dept. of Ceramic Engineering

177 Watts 2041 College Road
Columbus, OH 43202
(614) 422-2960

Deborah L. Parker
Tulane University
Psychology Department
2007 Perctival Stern Hall
New Orleans, LA 70118
(504) 865-533

Werner K. Perry

University of Florida
Computer and Info. Sciences
3117 S.W. 29 Avenue
Gainesville, FL 33312
(904) 374-89M

Frank M. Pitman
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Polynuclear Aromatic Hydrocarbons
in Particulate Turbine Engine Exhaust
and From Combustion of Single Compound
Fuels

By

Dr. William D. Schulz and Miss Mary R. McGill

ABSTRACT

Particulate exhaust samples of turbine engines and a combustor rig
were sequentially extracted with methylene chloride, benzene-methanol
and toluene. No solvent was found superior to methylene chloride for
the entire range of polynuclear aromatic hydrocarbons (PNAs) in these
samples,

Turbine engine exhaust samples from three engines at four different
power settings were extracted, concentrated and analyzed. Analysis was
by G.C. (F.1.D.) and GC/MS. Blanks and samples contained large amounts
of plasticizers and filter loadings were too low for reliable quantita-
tion or identification by GC/MS. G.C. (F.I.D.) analysis and identifica-
tion by retention times indicated that PNA concentration was highest at
the "idle'" power setting and that it was also higher for the one after-
burning sample.

Samples of exhaust particulates from a bluff body combustor, burn-
ing pure acetylene, propane, propene, butane, l-butene and isobutene
were extracted, concentrated and analyzed. Soot yield of the fuels was
not determined. Higher concentration of higher molecular weight PNAs
were found for the aliphatic compounds with unsaturation and for iso-

butene, with unsaturation and branching.
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I. Introduction

One area of interest to the Environics Division at Tyndall Air
Force Base is the mechanism of soot formation. This interest is evi-
denced by the Combustor Laboratory, with equipment for precise condi-
tions of combustion in a centerbody burner (or "bluff body combustor'")
and laser light scattering equipment for particle size and density
measurements. Information gathered in soot formation studies is of
fundamental importance in a number of areas: Air Quality (as measured
by visibility), Health Effects (the concentration of hazardous materials
adsorbed on air particulates formed by combustion) and Tactical Concern
(possible abatement of turbine engine soot trails). Applications of
such studies can range from waste incineration particulate formation to
particulates emitted from tactical fighter aircraft turbine engines.

Another area of interest to the A,F.E.S.C., Environics Division is
the total characterization (and Photoreactivity) of turbine engine ex-
haust. This area is primarily with concern for environmental and health
effects of jet engine exhaust. Study of this area of concern has been

1)

contracted to Dynamac Corporation( for literature review and to Battelle
Corporation(z-é)(Columbus) for actual implementation. The area not cov-
ered by the Battelle contract is the concentration of hazardous sub-
stances on turbine emitted particulates. Although this area is covered,
at the present, in a recent contract with Battelle Corporation, parti-
culate samples would become available from May or early June 1986 sampl-
ing that would not be analyzed by Battelle, and these samples could not
only be analyzed for hazardous materials (principally polynuclear aro-

matic hydrccarbons-'"PNAs"), but could also be used for experiments to

determine the optimum methods and conditions for extraction, concentra-
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tion and analysis of particulate turbine exhaust samples.

I have had intensive experience in sampling, extraction and high
resolution gas chromatography-mass spectrometry analysis of air parti-
culate samples over an academic year and two summers under NSF grant
ATM-801 4191, with Kent J. Voorhees, at the Colorado School of Mines in
1981-82., Because of this experience,.Mr. S. B. Joshi of the Environics
Division and Dr. C. W. Spicer of the Battelle Institute thought it de-
sirable for me to experiment with extraction and concentration techni-
ques and to attempt to analyze turbine exhaust samples preliminary to a
contract effort by Battelle to analyze particulate samples collected in
the late summer or fall. It was thought that this effort, at a minimum,
would provide data necessary for successful turbine exhaust particulate
collection and analysis in the Battelle contract work.

Miss Mary R. McGill is a Masters Degree candidate at Eastern Ken-
tucky University who had recently completed my Analytical Separation
Methods course. She expressed an interest in working on this problem as
a part of her thesis research, under my direction, and was awarded the
A.F.0.S.R. Graduate Fellowship by Universal Energy Systems upon approva}

by the Environics Division at Tyndall Air Force Base.




II. Objectives of the Research Effort

The initial objective of this research effort was to be evaluation
of extraction techniques, solvents and extract concentration methods for
analysis of samples from aircraft turbine engine exhaust particulates.
Samples collected at Tinker A.F.B., Oklahoma, by the Battelle Corporation
in May or early June were to be analyzed for polynuclear aromatic hydro-
carbons (PNA). The analyses and method development both require gas
chromatography-mass spectrometry for positive identification of analytes.

Upon arrival at Tyndall A.F.B., a serendipitous decision was made t®©
begin extraction experiments with soot from the combustor laboratory,
where pure aliphatic hydrocarbons (acetylene, propane, propene, l-butene
and isobutylene) were being burned in soot formation studies. Analysis
of extracts of soot formed by these fuels indicated that the nature of
che PNA content of the soot varied with the nature of the fuel,

A literature search indicated that, while soot formation had been
studied for several pure compounds, essentially no research had ever been
done involving qualitative and quantitative analysis of the PNAs formed
from combustion of pure, simple aliphatic compounds. With this finding,
extraction and analysis of soot samples from the combustion of pure fuels
from the combustion laboratory because of at least equal importauce to
analysis of the turbine engine exhaust particulates.

The major objectives of this effort then became:

1. Method development and analysis of authentic particulate exhaust
samples from aircraft turbine engines with the goal of at least
identifying problem areas and advising Battelle percsonnel on
optimum conditions for their own subsequent sampling and

analysis.




2. Extraction and analysis of particulates formed by the combus-
tion of pure aliphatic hydrocarbons in the combustor laboratory.

3. Establishing a pattern from the PNA content of pure fuel parti-
culates and attempting to understand the significance of the
pattern.

4. Attempting to devise a sampling procedure for the combustor
laboratory that would give samples with "real world" combustion

product implications.

III. Background

A. Extraction and Analysis

Particulate matter associated with incomplete combustion of organic
materials (soot) is of environmental concern for several reasons, includ-
ing esthetic, but the paramount concern is for the health-related as-
pects., Chief among the health related concerns is the association of
polynuclear aromatic hydrocarbons ("PNAs") with soot. Many of the PNAs
(also known as "PAHs" or "PACs", for polycyclic aromatic compounds) are
proven carcinogens. The literature of analysis of PNAs in combustion
products is voluminous. A 1981 review of chemical analysis of parti-

(5)

culate carbon by Lee and Bartle ~’contains 127 references. The 1986
literature survey by Dymamac Corporation(l)for the A.F.E.S.C. Evironics
Division contains 282 references.

Examination of the literature shows that there is no general agree-
ment on the method of extraction of PNAs from particulate carbon. In
the reviews cited above, there are references citing the comparison of
soxhlet extraction vs, ultrasonication and recently supercritical fluid

6)

extraction( has been claimed to be more efficient for extraction. Sol-

vents for Soxhlet extraction include cyclohexane, dichloromethane,




benzene-methanol, toluene, di and trichlorobenzenes and even napthalene
at reduced pressure. All of these have been preferred by various
groups. In a very recent study by Junk and Richard(7), pyridine, ben-
zene, dichloromethane, dimethylsulfoxide, dimethylformamide and n-
methylpyrrolidone were compared, both by Soxhlet extraction and ultra-
sonication, for extraction of PNAs from urban air, diesel and stack
particulate samples. The results were ambiguous, The researchers con-
clude that "there is neither a single extraction technique nor a solvent
that is effective for the efficient extraction of all organic compounds
from all types of solid matrices". This is not surprising if one con-
siders that the extractable compounds are formed with, and in a matrix
of, the graphitic, insoluble portion of the particulate matter. The
nature of a soot sample then, depends upon a number of combustion para-
meters and extraction efficiency can not be absolutely determined. This
is in contrast to an adsorbtion model, in which extraction efficiency
could be simply determined by "spiking" a known amount of deutero, or
other "tagged" compounds into a known amount of sample. The conclusion
would seem to be that, for an uninvestigated matrix, the analyst should,
at the very least, sequentially extract his samples with known efficient
solvents until satisfied with the recovery is maximized.

Analysis of extracts of exhaust particulates is indeed the analysis
of complex mixtures. Capillary gas chromatography of such extracts
typically gives dozens to a few hundred peaks. Samples are usually ex-
pensive and difficult to collect, so it is usually undesirable to apply
clean up procedures that would remove all but one class of compounds.
Analysis of extracts under these conditions requires high resolution gas

chromatography-mass spectrometry. The mass spectra of isomeric PNAs are




essentially identical and identification must be made on the basis of
retention time but the mass spectrum is necessary to assure a peak is
due to a PNA for example, and not a nitro-PNA. In spite of recent

9
*”’it is essential to have

publication of relative retention indices(
authentic compounds for identification standards since relative re-
tention can change with cross-linking of the stationary phase or with
nominally identical stationary phases from different suppliers. In
spite of earlier problems with the separation of isomeric PNAs (such as
triphenylene and chrysene or benzo [a] and [e] pyrene) and even synthe-
sis of stationary phases as exotic as bonded phase liquid crystals(lo),
common modern, bonded phase capillary columns essentially separate PNAs,
up to a molecular weight of about 400 Daltons. Quantitation can only

be done at high levels of precision by the use of standards due to the
vastly different detector response for different PNAs. Ideally, quanti-

tation would be with per-deutero internal standards for each compound of

interest, by GC/MS.

B. Soot Formation and PNA Identity

The mechanism(s) of particulate carbon and PNA formation by combus-
tion are certainly complex and are certainly far from being well eluci-
dated. It is, however, generally accepted that soot formation involves
two distinctly different mechanism steps; pyrolysis and pyrosynthesis.
Organic molecules are partially cracked (pyrolysis) to give smaller,
highly reactive species. These species, mostly radicals, recombine to
give larger relatively stahble aromatic compounds (pyrosynthesis). The
literature of formation of PNA in combustion has been reviewed by Crit-
tenden and Long(ll). It is generally accepted that aromatic rings in

fuels accelerate soot formation and that both chain branching and un-




saturation result in increased soot and PNA formation. It is known that
soot and PNA yields, as well as the identity of the PNA formed, can vary
widely depending on temperature, residence time in a combustion zone and
the nature of the organic fuel bcing burned. It is assumed that chemi-
cal characterization of PNA products of combustion can lead to valuable
information for the understanding of the mechanisms of formation in
combustion, Whether or not this is true, it is rapidly becoming ap-
parent that there may be immediate and practical applications for the
identification and quantification of PNA's from combustion. In 1982

(12)

Spitzer and Dannecher found substantial amounts of three PNAs in the
exhaust of Pratt and Whitney JT3D3 turbine engines on a Boeing 707 air-
craft that are absent, or present in trace quantities, in urban air
samples. Such findings obviously have health implications for personnel
such as flight line and test cell mechanics.

A very recent report by National Bureau of Standards personnel sug-
gests that the identities of PNAs in soot from arson can be used to
identify the accelerant(13)or even to prove arson through the detection
of an accelerant.

Findings such as these indicate that, as more information on the
identity and relative quantity of different PNAs from different fuels
and flame conditions become known, there are immediate and practical
uses, as well as the theoretical possibilities for such information.

One very exciting prospect is that of source apportionment of particu-

late pollution and another is that of proving that all soot producing

process are not equally health-threatening per gram of soot produced.

IV. Experimental Materials and Methods
A. Reagents

High purity amalytical standards were obtained from a variety of
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sources, chiefly Chem Service, Inc., and the U.S.E.P.A. and were check-
ed by G.C./M.S. for 70 eV spectra and retention indices. Solvents were
HPLC grade (Fischer Chemical and Burdick and Jackson) and were blanked
by FID-G.C. analyses.

B. Sample Extraction and Concentration

Samples were Soxhlet extracted employing Whatman 33x80 mm single
thickness cellulose thimbles with a light glass wool plug at the top.
The glass wool and thimbles were always pre-extracted with the extrac-
tion solvent, dried at SOOC/S torr and tared. Solvent volume was ap-
proximately 250 mL and the cycle time for the extraction was approx-
imately 6 minutes. Samples were extracted for 24 hours, replenishing
solvent if necessary. After extraction, samples were concentrated to
5.0 mL in a Kudena-Danish apparatus, at 98°C in a water bath. Samples
for GC/MS analysis were further concentrated by "blowing down'" with dry
nitrogen to a final volume of 0.20 mL.

"Free" soot samples, scraped from the combustor rig burner face, of
between 0.090 and 0.10 grams were placed directly in the thimbles,
weighed to 0.1 mg. and extracted., Variable weights of soot collected on
various filter media were extracted by placing the folded filter into
the soxhlet thimble. In all cases the samples were contained by a pre-
weighed light plug of glass fiber. Solvent from pre-extractions of the
thimbles and glass fiber plugs was routinely concentrated and analyzed
by FID gas chromatography.

C. Sample Collection

Soot samples were collected from the combustor rig (center body
combustor) located at the Tyndall A.F.B. Combustion Laboratory. The

combustor has been described elsewhere(la). In all cases, the soot col-
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lection was secondary to light scattering studies of particle size and
rate of formation. Samples were simply scraped off the face of the
burner after any run in which a pure hydrocarbon fuel was burned. The
samples were scraped onto a glassine weighing paper, weighed, the
weighing paper folded around the sample, then placed in a small paper
envelope and stored in at 0°C in a glass container in a freezer until
they were extracted.

Other samples were obtained on 47 mm. teflon coated "Millipore"
filters, using a pumped probe set at fixed distances behind the burner
head. Later, a filter holder was designed which fit into the stainless
steel exhaust system, in order to obtain soot samples at room tempera-
ture. The filter holder was a 12 inch diameter aluminum plate with a
centered 4 1/2"x 7 1/2"rectangular aperture, fitted with a frame and
wing nuts to hold one half of a Schleicher and Schull binder-free quartz
micro fiber 8x10 inch filter. The filters were conditioned in an oven
at 400°C for four hours, cooled, weighed and stored in a dessicator
prior to use. Samples were collected, using this system, for burns of
each pure hydrocarbon fuel, weighed, protected by 400°C fired aluminum
foil and stored with samples collected from the burner head, from the
same burn, in a covered cake pan in a freezer at OOC.

Exhaust particulate samples from 3 different engines at 4 different
power settings were collected by personnel from Battelle Institute,
Columbus, Ohio at Tinker AFB on 6/6 to 6/10, 1986. The filters were
Pallflex Corporation 2500 QAST 6 inch diameter quartz fiber filters.
The sampling rake and collection procedure are described elsewhere(z).
The filters were preweighed in a controlled humidity chamber and held

at 150°C for the duration of sampling. They were again equilibrated in
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the humidity chamber and reweighed after sampling. The filters were
stored in glassine envelopes enclosed by "zip lock" plastic bags. The
samples were delivered to Tyndall A.F.E.S.C. in ordinary packaging by
common carrier.

D. Analytical Conditions and Instruments

The gas chromatographic analysis were carried out using a J and W
Scientific 30 M. x 0.25mM x 0.1 uM bonded film of DB-5 (J and W Scien-
tific) in a Perkin-Elmer Sigma 2000 instrument using the flame ioniza-
tion detector (FID). The injection mode was a 30:1 split ratio (because
of lack of a splitless injection port liner) and the linear velocity of
helium through the column was 35 cm/sec at IOOOC. The injection port
and detector were maintained at 300°C. The oven temperature program was
2 minutes at initial temperature of SOOC, then increased to 125°C at
SOC/min. and then increased to 300°C at 8°C/min., with a 10 minute final
temperature hold. One or 2 uL samples were injected., The initial gas
chromatography~mass spectrometry (GC/MS) analyses were performed on a
Hewlett-Packard (H-P) 5987 mass spectrometer with capillary-direct
sample introduction from an H-P 5880 gas chromatograph with control and
data collection by an H-P RTE-6 data system. The chromatography was
with the splitless injection mode, system purge on at 0.5 minutes with
a 50M by 0.20 mM by 0.10 uM bonded phase "HP-5Ultra" column (Hewlett
Packard Corporation). The linear He velocity was 2.5 cm/sec., at 200°C.
The same temperature programs used in the G.C. FID analysis were used.
The mass spectrometer was programmed to scan from 50 to 400 amu and
operated in the 70 eV electron impact mode.

Later analysis were carried out using an identical capillary column

with an H-P 5890 GC/5970 "MSD" system employing essentially identical

G.C. and M.S. conditions. Except that the 5970 analyzer was operated
)
at above five times the source pressure (2-3x10 torr) as the 5987 in-

strument (A-leo-6 torr).
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V. Results and Discussion

A. Combustor Soot Formation: Initial data from the analysis of
PNAs formed in the combustion of the different pure compounds is sum-
marized in Table I. Representative chromatograms from these analyses
are shown in Figure I. The elution order in these chromatograms is es-
sentially the same order as increase in boiling point. Many unidenti-
fied peaks are due to methylated PNAs for which standards were not avail-
able. The difference in PNA composition patterns is quite dramatic in
the chromatograms. The l-butene and isobutene soot extracts, particu-
larly, are much richer in five and six ring components. The flame tem-
peratures and fuel/air ratios are, unfortunately, not known for these
samples.

The lower set of two chromatograms in Figure I is a comparison of
sequential (1. methylene chloride, and 2. benzene/methanol) extracts of
the same sample. The results are representative; in no case was more
than 10% of a given PNA found in a second extraction, when solvents were
benzene/methanol, toluene or dichloro benzenes. This observation, coup-
led with increased difficulty in solvent removal made methylene chloride
the obvious choice for sample extraction with these samples. The same
results were observed for the same experiments with turbine engine ex-—
haust particulates. (Lack of space prevents presentation of more chro-
matograms) .

Table II is a representation of the PNA content of soot collected
for three fuels, (a) from the burner head, and (b) from a filter at es-
sentially ambient temperature about 10 ft,down the 75 ft.3 min_1 exhaust
stream. Soot samples from the other three fuels are currently being

analyzed. Representative chromatograms are not presented due to the
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page constraint. The quantitation is relative. Quantitation was to
have been done with internal standards by SIM mode GC/MS. Instrument
problems made this impossible in the 10 week period.

These soot extracts do not show the dramatically higher concentra-
tion of higher molecular weight PNAs for l-butene. The data are con-
sistent in the absence of lower PNAs in soot collected at low tempera-
ture, with high air dilution. This could either be attributed to loss
of volitiles from the sample or to quenching of the pyrosynthesis mec-
hanisms at the burner face., We believe that it is the latter. We
believe very strongly that this work needs to be repeated with known
flame conditions, collection temperatures and for a statistically sig-
nificant number of samples.

B. Turbine Engine Exhaust Particulates: Table III represents FID
data from turbine engine particulate exhaust analysis. Quantatative
data is given only for benzo (a) and benzo (e) pyrene. These data were
generated from external standards run several days before the samples.
Detector response could not remain constant over the time interval and
the data should be considered semi-quantitative at best., Samples of
these extracts were run by GC/MS but due to a very high noise level,
with numerous large noise spikes the PNAs were essentially below the
limits of detection. Filter blanks of these samples were not subjected
to the 150°C collection temperature or airflow, but were otherwise
handled the same, including installation in filter holders. The
"blanks" all contained two different phthalates at more than 100 times
the concentration of any analyte. Only comparative amounts of phthalate J

were found in actual samples. Several of these extracts were run on an

HP 5970B instrument about six weeks after extraction. Compounds were

well above limits of detection but there was some indication of sample
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degradation/oxidation. This, coupled with the initial gross imprecis-
ion of sample mass leads to the conclusion that, although possible, re-
analysis of these samples would be largely a waste of time. A ratio of
benzo (a) and/or (e) pyrene to total particulate would be significant
for comparison to other combustion sources.

Several hundred G.C. and several dozen GC/MS runs were done in the
course of this investigation. Some of the data is still being organiz-
ed and some analyses are still being done. Significant results and a
report addendum will be presented to our Environics Division colleagues
in a short time.

VI. Recommendations

A. Turbine Exhaust Samples: (1) A decision on the type of infor-
mation required must be made before particulate sampling and the sampl-
ing technique can then either be biased toward; (a) real contribution of
hazardous compounds to particulate pollution, or (b) precursor compound
formation, by turbine engine exhaust. (2) If the goal is (a, above)
then samples should be collected by air dilution cooling and sufficient
residence time to duplicate the atmospheric equilibrium products. We
believe that there is a definite quenching effect on PNA formation in
combustion processes and that this should be avoided unless kinetic/
mechanistic studies of soot formation are planned. (3) Sampling must
be conducted in a way to obtain sufficient particulate loading (without
vapor condensation) on filters to give sufficient concentrations for
reliable analysis. We suggest 100 mg. as a reasonable lower limit.

(4) Sample blanks should be handled in exactly the same manner, includ-
ing heated air flow, as sample filters. (5) The method must give a
reasonable degree of precision for the total particulate load on fil-

ters. (i.e., blanks should indicate no load to 0.1 mg. if samples are
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in the 100 mg range). (6) If there is to be a high volume of this type

of work done, or if it should become routine, research should be done
on automated supercritical fluid extraction/S.F. Chromatography/Mass
Spectrometry for amalysis of large numbers of samples. We believe that
these rather new techniques could be automated to very high efficiency
and precision if they seem economically attractive. (7) If small vol-
umes of very light samples are done, unusual methods of concentration
such as a "solid injector" or on column cyro trapping should be used.

We have been supplied (Capt. Paul Kerch) with a large number of
filters (over 70) collected from J-79-GE-15A engines at various power
settings, with and without ferrocene additive. The filter set contains
duplicates for each collection conditions and each set has a very good
sample mass correlation. The filters all have over 100 mg load and seem
to have been subject to reasonable preservation. We recommend that these
samples are worth funding for extraction and analysis. We have adequate
facilities for extraction and concentration, appropriate standards and
we can essentially dedicate a GC/MS system to analysis of extracts for as
long as is required.

B. Combustor Laboratory Samples: We feel that our summer results
from analysis of the particulate combustion products of pure hydrocarbons
are very exciting, but that a great deal more experimentation is neces-
sary for truly significant results. We believe that the difference in
PNA contents of "burmer face'" and "downstream filter" samples is due to
reaction quenching at the burner face. This could be tested and ''quench-
ed" products could be analyzed from a sampling probe that would give very
rapid cooling at or in the sooting flame. In addition, the particulate
products collected at essentially ambient conditions should be repetit-

ively collected and analyzed. The collection should be done for precis-
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ely determined combustion and collection conditions. The combustor

laboratory at Tyndall A.F.B. has the capability for this sample pro-
duction and collection. We will propose to extract, concentrate and
analyze such samples and to attempt interpretation of the results in

terms of soot formation mechanism.
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Figure I
Chromatograms of Soot Extracts
from Pure Fuels
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Chromotograms of Turbine Engine Exhaust
Particulate Extracts
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Tahle 1

PAH's Identificd by
Recention Timen in Combustor
Soot Samples

Fuel Area

Propane 5516
1604
(Peaks Present- 22; Peaks Identified -2)

Propene 334006
5831
166825
2237
1222
4370
1339
8580
21364
2700
29038
10459

(Peaks Present- 42; Peaks Identified -12)

Bucane 25369
2570

9385

25372
64560

1704

8776

(Peaks Present- 45; Peaks Identiffed -7

1-Butene 1033
7084

2650

5574
13090
222%3
20848

(Peaks Present- 40; Peaks Identif{cd -

Aretylens 79830
81201

15641

186130

1499

5320

7695

(Peaks Present -49; Peaks Identified ~7)

!!il Area

Tsobutylene 33598
114843
2237
18125
23.0?
8309
16197
20946
3483
79693
1115

(Peans Present-42; Peaks Identiffed =11)
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PAH ldentified
Azulene
Benzo(ght) Perylene

Napthalene

Azulene

1-4 Dimethylnapthalene
Phenanthrene

8enzao(b) Fluorene
Triphenvlene

Ben:o(a) anthracene
Benz0(b) fluoranthene
BenzV (e) pyrene
Benzo(a) pyrene
Benzo(ghi) perylene
Coronene

Nspthalene

Benzo (b) fluorene
Tripi.cnylene
Benzu(e) pyrene

Indeno (1,2,3,cd) pervlene

Benzo(ghi) pervliene
Coro:iene

1-5 Dimcthylnapthalene
Fluroantnene
Tripheaylene

Benzo(b) fluoranthens
Benzo(e) pyrene

Benzo (ghi) perviene
Coronene

Napthalene

1-5 Dimethvinapthalene
Fluoranthene

Ben-v'(e) pyrene
Beniv(a) pyrene
Triphenylene

Coronene

PAN 1dentified
—tCn llled

Napthalene

1-5 Dimethylnapthalene
Fluorene

Fluoranthene

Benz (b) flurcanchepe
Chrv-ene

Ben2n(a) anthracene
Benzo (k) flyoranchene
Benzi (e) pyrene

Benzv (ghi) perylene
Coronene




f—_

Table 17
Relative Amounts of Major Pulycyclic Aromacis tompounds
formed (rom Vif{voeut Fuels 4t T Combustor Head
and Found (n txlaust 4t Ambicet Temperature (8
Fuels
tan’s Propane Propene 1-Butene
Filter Surnur Face Filtce Bucner Face Filcer Burner Face
- . be
Napthalene - - 1.261107. - - 6.!6:!0‘ - - ..2.21x10
Azulene - - 8. 76n10° - - - - - - 3.01x10°
6
1-5 Dimethylnapthalens  4.45x10’ - - - - 3.09x10° - - $.50x10
Anthracens - - - - - - - - 5.59"03. - -
. hid Se
Fluoranthens - - - - - - - = - - 8.59x10
Pyrene asmio? - - - - - - 3.22010"" - -
. 4 &
Senzo [b] Fluorene 3.06x10*" 1.83x10°" 1.13m10° 2.92x10° 2.02x10 8.06x10
4 (1] 5 b & 5o
Triphenylens 6.33x10 9.60x10 $.56x10 6.%x10 3.62x10 4.00x10
-
Chrysene 1,15.10‘ - - - = - = - = - -
4 Se & &
Benzo [a] Anthracene 1.42x10 2.92x10 8,26x10 1.83x10 - - - -
*®
Benzo (b) Fluoraanthene - - 1.67:106. - = - - 6.’01:10‘ 6.61:10s
Senzo (k] Fluoranchene 2.29!105. - - - - 1.25.10’ - - - -
(3 b 6 7e
Benzo (e) Pyrene - - - - 1.59x10 1.25x10 1.6x10 1.74x10
. 3
Benzo [a] Pycene 3.10x10%" 3.45x20%* 2.50x10° 1.62x10"" 2.68x10° 9.82x10
Se 60
tndeno (1,2,3,cd) Pyrene 1.51x10 2.73x10 - - - - - - - -
L
Benzo [ghi] Perylene - - - - 1.31x10% 2.21m10°" 3.e1m0" 3.84x10
(a) Nusbers are Simply Incegrator Areas per Cram Sample.
(*) Ideacify confirmed by Mass Spectromecry
Tadle III
Analysis of Turbine Engine Ixhaust Samplas
ugllt, 3
of Benzo fC @ Semple Mass enzo Pyrenes
Run # . En P P o Yt /M nzo{a)pyrene Benzo(e) pyvrend
fun ¢ . Engine  Fowerseceiog () Fycone 130 ¢ “GPAN ppalOM(s)  yg  PPm RONG)
1-6-6 TF=41 ldle 36,03 35.18 0.12 cee e e 915.0 1600.0
2-6~6 TF=41" Jjoz 0.0763 43.20 -3.3 e e e s 3.30 6.925
3-6-6  TF4l 152 5.7 asas ¥ oL L. 25.50 402,50
4=b-6 TF-4l Normsl Rated 0,436 52.29 .25 c e e 22.80 300.00
1-6-9  TP-30-103 302 L. e O e ones e L.
2-6-9  Tr-30-103, 752 1499 ss.s0 1040 L1 ? 86.50 ’
3-6-9  TF-30-10) Normsl Raced 0,0028 58.90 8.00 6.65  175.5 36.00  950.00
4-6-9  TF-30-103  ldle 1132 3270 R® L. L. 37.00 2435.00
1-6-10 TF-30-109  ldle 2.88 4043 "N 25 000 167 21218
2-6-10 TF-30-109 302 1.667 17.40 O ... ... 29,00 1895
3-6-10 TP-30-109 752 1,715 14,23 080 ... ... 26,42 4200
P 4=6-10 TF=30-109 MNormal Rated . . . 51.30 0.%0 0.53 27.50 ... o o e
Normal Rated 0.93 6.00 91.00 $3.10  807.5
$-6~10 TF-10-109 (roof top) 2.0 26.13
6-6-10 TF-10-109 Aftec/buraing 1,225 . 26.13 0.90 207.25 24725 32.0 1200
(a) Figures in pym of extractable organic asterial. Dats 18 not reliadle due to very low [{lter loadings end
difficulty equilibracing temperature/humidicy conditions for welghing.
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Program code: Style and conventions

by

Dara Merenski

ABSTRACT

This report contains guideline and conventions concerning programming style and documentation
for the in-house software development at the Air Force Human Resources Lab Logistics and
Human Factors Division Combat Logistics Branch in Dayton. The conventions include how to’s for
commenting, structuring, and documenting code so that readability, understanding, and
maintainability is enhanced. The first section gives general conventions to be universally followed
for all programming languages. The following sections contain guidelines applicable to specific
programming languages. Some of the guidelines were left inspecific so as to allow the programmer
creativity in the programming process. The purpose of this report was not to stifle the programmer
but to standardize much of the coding so that programs and packages can be easily read,
understood, and maintained. Programmers can easily check the programs available to see if they

fit a given problem and thereby reduce duplicate and redundant code.
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L. INTRODUCTION:

A Bachelors of Science in Systems Analysis at the University of Dayton and work experi-
ence involving much research and programmming led to familiarity with the many aspects of
library research and with programming.

This background in research and programming supported the research for the Air Force
Human Resources Lab Logistics and Human Factors Division Combat Logistics Branch. At the

time of this report, just completed the research and development of programming standards and

conventions for the lab.

The research delved into the programming conventions, style, and documentation and led to

the formulation of program coding and documentation procedures for in-house software develop-

ment at the lab.

I1. Objectives of the Research Effort

The project objective was the creation of procedures and standards for the Air Force Human
Resources Lab Logistics and Human Factors Division Combat Logistics Baranch. These standards
were necessary so that programmers can understand programs at a glance and be able to maintian

the library with more ease and efficiency.
Personal Objectives:
1. Research in the areas of coding, software engineering, and structured programming.

2. Creation of coding and commenting techniques for general use and for the fortran program-
ming language.
3.  Review of the current standards, and conventions for coding and commenting for areas of

improvement.

4. Compilation of a programmer’s guide to programming at the Air Force Human Resources

Lab Logistics and Human Factors Division Combat Logistics Branch.
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II. Programming Conventions

Software developed for the In-house effort shall adhere to the following coding conventions.
Coding conventions shall be broken down into conventions which shall be universal to any language

used, and conventions that shall be specific to a particular programming language.

IV. Universal Conventions

univ-1.
Module source code shall be stored one per file, with the file name being the same as the

module it contains as the file name conventions of the computer allow.

univ—2.
Modules shall be created with the intent that they be separately compiled producing object
code. Include files containing declarations common to modules shall be used to reduce

duplication of code.

univ-3.
Modules shall contain relevent documentation in a preamble of the format defined for the
particular language, as well as additional comments that make the code clearer. Any fields
in the preamble which are not applicable to a particular module shall be marked "N/A". As

the module is updated, the preamble and any affected comments shall be updated.

univ—4,
Programmers should set apart major blocks of code with header comments that describe

the function of a major biock.

univ-S5.
Modules should be limited to a size of 100 lines of executable code. Comments shall be J
considered executable code if they are required to make code readable. In general modules

should take no more the two printed pages of text.
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univ-6.

P Modules should have a specific distinct function to perform. Avoid multiple function

modules.

univ-7,
Indentation and ‘‘white space’” should be used to make code more readable. The number
of spaces to indent subordinate levels shall be defined for each language so that language
capabilites can be taken into account. If a module requires more than 5 levels of

subordination consider breaking it into multiple modules.

univ-8.
Naming conventions are important to any programming effort, but any attempt to generate
a general purpose set of naming conventions is really beyond the scope of this document.
Each programming project must to set down naming conventions based upon its own
requirements. Project naming conventions shall be an authority for the project, and must be

followed as would these conventions.

univ-9.

Modules should contain only one entry and only one exit point.

V. Conventions for C programming.

c-1. The following macros shall be defined and shall be contained in the file
*‘/usr/in-house/include/general.h’’. These macros shall be used in modules to make the code

more readable and clearer.
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c4.

c-2.

c-3.

#define TRUE 1
#define FALSE 0
#define Begin {
#define End }

Subordinate blocks shall be indented 3 spaces beyond the previous level.

While the C language has many wonderfully elegant ways of expressing things the

following examples of valid C code shall be avoided and replaced the the suggested

replacement.
Instead Of This Use this
X+ =2; X=Xx+2;
goto "label” ; some other control structure

mx=(x>y)?x:y;

if x > y then
max = X

elsemax =y ;

for (i=0;i<=10;i++;j++) Begin
<some code >
End

(where j is no the loop counter)

for (i=0 ; i <= 10; i++) Begin
i+
<some code >

End ;

The Begin-End pair which delineates the executable code of a module shall appear in

column 1 with code between them indented to the next level of indenture, as is shown in

the following example:
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Col 1

I
v

module_name() ;

<some module declacations>
Begin

<executable code of module>
End

c-5. A Begin-End pair which is part of a looping control structure shall appear with the Begin
on the same line as the loop control, and the end indented to the same level of indenture as

the code in the block, as is shown in the example for the convention c—6.

¢—6. Any time a block is ended there should be a comment reflecting what the block is that is

ending. See the following example :

for (i=0 ; i <= 10 ; i++) Begin
<some code ...>
End /* for ¥/

¢—7. Whenever possible user register variables in inner blocks for iterative variables.

c-8. The preamble for C language modules is contained in the file ‘‘/usr/in-
house/preamble/preamble.c’’. Copy this file and modify it for the particular modules being

written.

¢-9. Semicolons *‘;’’ shall be separated from surrounding code by at least one blank space.

Example :

Pay_Amount = Time_Worked * Hourly Rate ; /* compute weekly pay */

c-10. Arithmetic, boolean, and assigment operators shall be separated by one space from the
surrounding code as in the following examples. An exception to this rule is the case of a
binary operator (requiring only one operand) such as the not operator ('), as shown in the

examples below.
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assignment operator ( =)
left_hand_side = right_hand_side ;

arithmetic operators ( +, -, *, /, etc.)
i=i+1;

boolean operators
while (( 'eof ) && ( !searchdone )) begin

c-11. Parenthesis, commas and any other symbol which serves as a delimiter should be followed
by at least one space, except when these symbols are part of a text string or comment. In

general use spaces and blank lines in the code to enhance readability.

VI. Conventions for FORTRAN programming,

fortran—1.
The preamble for FORTRAN language modules is contained in the file
*‘fusr/in-house/preamble/preamble.f’. Copy this file and modify it for the particular

modules being written.

fortran-2.

Follow the preamble with the following comment block for program header:

C
C ****++ Module header **+**
C

Put the program header statement after the module header comment block.

fortran-3.

Commas shall be followed by at least one space except in character strings and where the

logical function of the program is altered by the addition of a space.
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fortran—4.

Spaces shall come before and after keywords and the equal sign ‘‘="’ in assignment

statements, except where the logical function of the program is altered by the addition of a

space.

fortran-S.

Place the following comment block directly after the program header statement:

C
C *****  Variable declaration *****
C

Place the variable declarations directly following the variable declaration comment block.

fortran—6.

Always declare all variables used. Do Not assume any defaults.

fortran-7.

Use the following order for grouping of variable declarations.

INTEGER*2 (or INTEGER)
INTEGER*4

REAL*4 (or REAL)

REAL*8 (or DOUBLE PRECISION)
LOGICAL*2

LOGICAL*4 (or LOGICAL)
COMPLEX

DOUBLE COMPLEX
CHARACTER (or CHARACTER*#)

fortran—8.

Use Alphabetical order for variables within each group . For example:

REAL AVAR, BVAR, CVAR,...

fortran-9.

Variable declarations can be grouped on one line separated by a comma and a space (not to
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exceed 72 columns) or they can be placed one to a line, as long as they are grouped
according to the order given in convention nine. Do not continue declarations (if they
exceed 72 columns). If a line needs to be continued, start a new declaration in column 7

with the type name and continue with the list. For example:

Instead of This Do This
REAL Al, A2,...,AN, REAL Al,A2,...,AN
+AN+1,... REAL AN+1
fortran—10.

The comment block for subroutine/function declarations follows the data declarations. Use

this form:
C
C *+***  Subroutine/function declarations *****
C
fortran—11.

Code is not to extend beyond column 72. Avoid the use of continuation except where
absolutely necessary. When continuation is necessary, use an asterisk '*’ in column 6 and

indent three spaces from the first line of the continued statement..

fortran—-12.
The initialization comment block follows the subroutine/function declarations. Use this

form:

C
C *#**+* [pitialization *****
C

Place the DATA statements first in the initialization section, follow with the the parameter

statements, and follow finally by the initialization code.
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fortran—13.

The comment block for the main body follows all declarations and initializations. Use this

form:
C
Ct#t## an bOdy (2 1114
C
fortran—14.

Only have one RETURN statement in a subroutine/function.This means no alternate returns

statments.

fortran—15.

Do loops shall follow this form:

DO line# varname = lobound, upperbound, stepvalue
code for do loop; indented three spaces from do statement position.
line# CONTINUE

Always place the continue statement on a separate line and allign with the DO in the do

statement.

fortran—16.

Do not use GOTO, except in valid DO WHILE or DO UNTIL constructs.

fortran—17.

DO WHILE loops shall be coded in this way:

C DO WHILE (while condition)
line# IF (while condition) THEN
code for while loop; indented three spaces from if statment.
GOTO line#
ENDIF
C ENDWHILE

fortran—18.

DO UNTIL loops whall be coded in this way:
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C DO UNTIL (until condition)

line# code for until loop; indented three spaces from DO UNTIL in Comment.
IF (until condition) line#2
GOTO line#

C END UNTIL

line#2 code continues here...

fortran-19.

The line numbers shall follow logical numerical order in placement.

fortran-20.
The CASE statement shall be implemented using the IF-ELSEIF-ELSE-ENDIF construct.

Do not use Computed GOTO. Use the following form:

IF (condition 1) THEN

code for condition 1; indented three spaces from IF
ELSEIF (condition 2) THEN

code for condition 2; indented three spaces from ELSEIF

.elseifs continue in this manner for other cases
ELSE

code for other condition; indented three spaces from ELSE
ENDIF

fortran-21.

The [F-THEN-ELSE construct follows this form:

IF (condition for true) THEN

code for true state; indented three spaces
ELSE

code for false state; indented three spaces
ENDIF

fortran-22.

The comment block for the format statement section shall follow this form:

C
C *****  format statements ***
C

fortran-23.
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Comments shall be inserted in the code to make it more readable. A blank comment line

shall be inserted before and after all comment lines.

For example:
C
C ***** 1his is a comment for 2 major section *****
C
fortran-24,

The end of the program includes the RETURN statement of functions and subroutines in
addition to the END statement. The end of program shall be indicated by a comment block

using the following form.

C
C ***++ End of program **¥**
C

VII. Reccomendations

1.  The Conventions given should be followed during software development at the Human

Resources Lab Logistics and Human Factors Division Combat Logistics Branch.

2. Convetions for LISP, Pascal, and Assembly language are needed. The Conventions above

can be used as a guide for further convention development.
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Synthesis and Time to Explosion Studies
of Some Potential High Explosives

by

PETER D. MEYER

ABSTRACT

EAK (a mixture of 1,2-Ethanediammonium Dinitrate, Ammonium Nitrate

(AN) and Potassium Nitrate (KN)) was dropped as an Air Force insensitive
high explosive (IHE) several years ago. It is hoped that by doing time
to explosion studies on other alkyldiammonium dinitrate systems that
insight will be gained as to the reasons why EAK failed several of the
required tests before becoming an IHE.
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INTRODUCTION

An explosive system's response to heat is a balance of chemical

decomposition and heat dissipation. Physical processes control heat

dissipation in a detonation of an explosive system. Our work concerned the

characterization and, if possible, mechanistic explanations of thermally

induced explosive decomposition.

The Frank-Kamenetskii equation relating critical temperature to the

activation energy of the process is often used.

Eact = R log aZQZ Eact%
Tc T32p\R¢

(Frank-Kamenetskii,

where:

Thermal activation energy

T. = Critical temperature

Z = Pre-exponential

Q = Heat of the self-heating reaction
= Arbitrary dimension

= Density

Ideal gas constant

a
R
N\ = Thermal conductivity
A

Shape factor

For a given specific size and shape of an explosive system, the lowest

1969)

temperature at which catastrophic self-heating occurs is called its critical
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temperature, T, (Rogers, Janney and Loverro, 1984). This does not mean that
the energetic system will not decompose at temperatures below Tc' Indeed,
decomposition mav occur at lower temperatures. This may result in pressure
bursts in time to explosion experiments that may be misconstrued as bursts due
to self-heating and thus imply that the Tc has not yet been reached. Since

these bursts are inconsistent, they are readily detectable by data analysis.

The Tc for BAK and EAK systems was extracted directly from the raw time to
explosion data. These data were then reduced to yield activation energies

that approximate those for the mechanisms controlling Tc.

From the overall thermal study of BDD (1,4-Butanediammonium Dinitrate) and
its mixtures (BAKs) with varying amounts of Potassium Nitrate (KN) and
Ammonium Nitrate (AN), and the study of other selected energetic organodi~- and
polyammonium nitrate salts, we may soon be able to infer some possible
mechanistic routes for the decomposition of the BAK system. It 1s anticipated
that this study will give some insight as to the EAK (1,2-Ethanediammonium
Dinitrate, AN, KN mix) decomposition scheme as well as into any other mix of
the XAK (X-diammonium Dinitrate, AN, KN: X=zalkyl) format (McKenney, Fryling,
Neveu and Meyer, 1985). If any of these systems are to be considered as
military explosives, it is mandatory that their thermal degradation properties

be completely understood.

The BAK system under study had an AN/KN weight percent ratio of 85:15,
KN was added to AN to suppress a phase change that was also accompanied by a
volume change. The latter could not be tolerated. Any differences in thermal
behavior can be related to the corresponding concentrations of the components

of the BAK mix. EAK systems were also tested in a similar fashion.
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Deuterated EAK and BAK systems were also tested to see if there was any

type of deuterium isotope effect present.

PROCEDURE

Material Processing: All of the energetic material samples were prepared

as follows:

An A\~ -alkyldiamine is dissolved in a minimal amount of ethanol and
cooled in an ice bath with stirring. HNO3 (density 1.4 g/cc) is added
dropwise in a mole ratio in slight excess of 2:1. After all the HNO3 has been
added, the mixture is stirred well with continual cooling in an ice bath.

The crystals, if not formed after 30 minutes, can usually be precipitated by
scratching the sides of the reaction vessel. The resulting crystals are then
vacuum filtered, washed twice with cold ethanol, recrystallized from ethanol

and/or water and then dried.

Table 1 lists all of the alkyldiamine dinitrate zompounds that were

prepared for experimental use.

TABLE 1

NAME ACRONYM RECRYSTALLIZED FRCl MP(ogl
1,2-Ethanediammonium Dinitrate EDD EtOH/H,0 188.3
1, 3-Propanediammonium Dinitrate PDD EtOH/H20 126.1
1,4-Butanediammonium Dinitrate BDD EtOH/H,0 140, 1
1,6-Hexanediammonium Dinitrate HDD EtOH/H,0 108.2
1,1-Dimethylethylenediammonium

Dinitrate ISBDD EtOH 230.0
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N-Methylethylenediammonium

Dinitrate MEDD EtOH/H,0 78, o
N-Ethylethylenediammonium
Dinitrate EEDD EtOH/H,0 85.7
N-Isopropylethylenediammonium
Dinitrate IPEDD Not done 93. 4
N,N'~Dimethylethylene-
diammonium Dinitrate DMEDD EtOH/HZO 130.0
N,N'-Diethylethylenediammonium
Dinitrate DEEDD EtOH/H,0 193.1 ‘
N,N'-Isopropylethylene
diammonium Dinitrate DIPEDD not done 98.2
N,N,N'=Trimethylethylene-
diammonium Dinitrate TRMEDD EtOH 92.8
N,N,N'-Triethylethylene-
diammonium Dinitrate TREEDD EtOH 86.1
N,N=Dimethyl-N'-ethylethylene-
diammonium Dinitrate DMEEDD EtOH 101.2
L
N,N,N* ,N'-Tetraethylethyl-
enediammonium Dinitrate TMEDD EtOH/H,0 222.8
N,N,N' ,N'-Tetraethylethyl-
enediammonium Dinitrate TEEDD EtOH 140.1
Piperazinium Dinitrate PIPZD EtOH/H,0 224,2

1,4=-Diazo-bicyeclo[2,2,2 0ctane

Dinitrate DABCODN EtOH/H,0 174,1
Attempts at preparing the 1,5-Pentanediammonium Dinitrate (PeDD) salt were initiated. ﬁ
Previously this compound was not isolable. However, by using acetone to
remove water, a brownish product was formed. It was previously thought that
PeDD may be ¢yclizing to piperadinium nitrate and thus a pure PeDD isolation

was impossible. GC/MS analysis showed that the yellowish product could not

be the cyclized PeDD but may indeed be the PeDD sought.
The AWw-alkyldiammonium dinitrate is then mixed with a AN/KN mixture s

(AN:KN,85:15 m/m) to form the mixtures listed in Table 2.
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TABLE 2

Weight of Component Used/100g

Mixture Name XDb AN KN

EAK (eutectic) 45,70 46,20 8.10
EAK (T4%) T4.80 21.40 3.80
EAK (89%) 88.70 9.58 1.72
BAK (eutectic) 77.76 18.19 4,05
BAK(CO,) 39.23 51.65 9.11
BAK (60%) 60.36 33.66 5.98
BAK (94%) 94,15 4.5 1.35

Currently, no work has yet been started on mixing the N-substituted EDD
based salts with AN and KN.

These mixtures were deuterated in order to see if a kinetic isotope effect
(KIE) exists. Deuteration is done by dissolving 10 grams of the dinitrate
salt in 10 grams of D20 twice and each time rotovapping off the liquid.
Although complete deuteration of all ammonium functional groups is not
possible in our laboratory set-up, we were able to perform at least an 80%

deuteration (99.9% is possible theoretically).

Test Preparation. The time to explosion experiments use a pure aluminum

blasting-cap shell of dimensions 6.5 mm inside diameter and 4 cm in length. A
40 mg sample is placed in the tube, covered with an aluminium plug and
compacted in an appropriate die, The aluminium plug is then flared outward

in the pressing operation to provide a consistent seal. This is shown in

the accompanying diagram (Fig 1).
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In order to measure the time to explosion, the sample tube is placed in a
sample holder, and an explosion indicator is placed through the holder and

down into the reaction tube. The tube is then inserted into a heated metal

bath. The time until explosion is then measured at a preset temperature for
each experiment.

Time to explosion experiments were carried out on the XDD compounds and
on their aforementioned mixtures. The N,N,N,N',N',N'- deuterated
counterparts of the parent compounds were also used. None of the EDD

derivatives were tested at this time.

Results and Discussion

Time to explosion experiments carried out on the various combinations of
XAK and XAK-dx; EDD, BDD, AN and their corresponding deutero-counterparts,
yielded data that are listed in Table 3 below. All data were plotted as log
time vs 1/T which allowed obviously spurious data to be detected and removed

prior to the calculation of the approximate E Ejot in Table 3 is

act*

calculated using the previously mentioned Frank-Kamenetskii equation.
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Mixtures#®

EDD

EDD-dx

EAK (eutectic)
EAK-d, (eutectic)
74% - EAK

749 - EAK = dx
89¢ - EAK

89% - EAK - d,
BDD

BDD - dx

BAK (eutectic}
BAK (CO, balanced)

BAK - d, (C02 balanced)
60% - BAK

60% - BAK - dx

944 - BAK

944 - BAK - dx

AN

AN - dx

TABLE 3

T.(°C)

231
231
239
244
239
230
239
230
222
244
230
279
267
264
253
239
230

324

—

Approximate
Eact(Kcal/mole)

43.1 + 2.4
33.7 + 3.4
43,1 + 0.9
38.9 + 4.7
U2.7 + 1.7
40.8 + 2.1
44,8 + 3.3
41,0 + 1.4
20.5 + 1,5
25.9 + 2.0
35.4 + 2.1
50.5 + 3.4
46,7 + 4.6
64.6 + 5.8
52.0 + 3.75
56.9 + 5.8

62.3 + 12.7

Percent value indicated weight percent. of XDD in the mixture

Not measurable by our machine as the Tc is above 390°C

Not

calculated
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It is noteworthy to see that the deuterated XAK samples had lower critical
temperatures than their protonated counterparts, -ATC is the difference

between the Tc values of the protonated and deuterated samples. This is shown

in Table U4:
TABLE 4

Mixture Azcﬁ)_
EDD 0
EAK (eutectic) 5
T4% - EAK 9
89% - EAK 9
BDD 0
BAK (eutectic) 14
BAK (CO, balanced) 12
60% - BAK 1
94% - BAK 9
AN *

# Not possible to measure due to instrumental limitations.

The EAK systems have a ATC in the 5-9° range and BAK systems have To
values in the range of 9-149C, This may indicate that a similar thermal
decomposition mechanism is operating in each of the mixes and that the nearly
constant ATc for each system may be a function of the rate determining step.
This rate determining step may control the T, and could possibly be

independent of the AN concentrations.
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During the time to explosion analyses, it was noted that the EAK systems
reacted more violently than the BAK systems. Likewise, the violence of the
reaction of a particular XAK group increased with increasing concentration of
AN/KN. Violence in this case is noted as the celerity with which the

indicator was expelled and the intensity of sound produced upon explosion.

Analysis of the results of the time to explosion study yielded differences
between the times to explosion of the protonated and deuterated EDD, BDD, XAK

and AN.

The EDD and BDD pairs exhibited little or no difference in T,y whereas, in
AN the protonated sample had a lower Tc than the deuterated sample. In the
XAK systems, however, the difference between the protonated mixture and the
deuterated mixture is very noticeable. This faster reaction rate of the

deuterated XAK samples indicated an inverse KIE.
As mentioned by McKenney, et al., the rate determining step that controls

the critical temperature may not involve N-H bond breaking, but possibly C-N

bonds (Ref 3).
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Recommendations

This type of research is quite valuable in the study of thermal
characteristics of any explosive system. However, one must realize that a
great deal of time is required for all of the necessary work to be completed
to a high degree of confidence. Therefore, I make the following

recommendations for follow-on research.

There needs to be more time spent on the time to explosion studies of the
XAK systems. In order to observe any trends and see that they are not merely
coincidental, the study involving the parent hydrocarbon chain length should be
continued. There were interesting trends involving the transition from the
ethyl to the butyl chain. If one were to continue experimentation on the

other further polycarbon